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Kaye, H. S. (CDC, Atlanta, Ga. 30333), H. B. Marsh and W. R. Dowdle. Sero- 
epidemiologic survey of coronavirus (strain OC 43) related infections in a chil¬ 
dren’s population. Amer J Epid 94: 43-49, 1971.—Acute and convalescent 
serum pairs and control sera collected from subjects living in a children's home 
over a 7-year period (1960-1967) were examined by hemagglutination-inhibi¬ 
tion (HI) test witl coronavirus strain OC 43. Ninety-three serologic conversions 
were observed; 44 were associated with reported illnesses and 49 with no 
reported illnesses. In three distinct outbreaks during the winter and spring quarter 
of 1960-1961, 1964-1965, and 1966—1967, 67 conversions occurred. Serocon- 
versions to strain OC 43 were associated with as much as 19% of the respiratory 
diseases in a single season. Over the 7-year period coronavirus strain OC 43 
accounted for 3% of the total 1328 respiratory illnesses. Evidence of preexisting 
antibody was apparent in one-third of the children showing seroconversions. The j | 
HI test was more sensitive for serodiagnosis than the complement-fixaticn test. 

The major presenting complaints of the children with respiratory disease as¬ 
sociated with coronavirus strain OC 43 were sore throat, cough and coryza; the 
predominating symptoms were pharyngitis, coryza, fever and cervical adenitis. 

antibodies; complement-fixation test; epidemiology; hemagglutination-in¬ 
hibition test; respiratory illness; seroconversion; serology; viruses 


Introduction 

The newly identified coronavirus group, 
which includes the prototype strains B814 
(1), 229E (2), and “IBV-like” viruses (3), 
may be emerging as an important cause of 
common cold-like respiratory illness in 

Abbreviations: CF, complement-fixation; GMT, 
geometric mean HI antibody titer; HI, hemagglu¬ 
tination-inhibition; MHV, mouse hepatitis virus. 
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man. However, clinical and epidemiologic 
studies have been limited because of the 
fastidious growth requirement of certain of 
these viruses (1,3). 

The adaptation to growth in suckling 
mouse brain of “IBV-like” strains OC 38 
and OC 43, previously grown only in organ 
culture, resulted in the recognition of com¬ 
plement-fixing (CF) antigens (4) and led 
to the demonstration of hemagglutinins for 
these apparently serologically identical 
strains (5, 6). The hemagglutination-inhibi¬ 
tion (HI) test as well as the CF test are 
now available for serodiagnosis and seroepi- 
demiologic surveys. 

This present study was designed to evalu¬ 
ate the role of coronavirus strain OC 43 in a 
children’s population by performing HI 
tests on acute and convalescent serum pairs 
and control sera collected over a seven-year 


43 
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Table 1 


Analysis of study population by year 


Year* 

Total 

no. 

children 

Median 

age 

Turnover 

Children in 
original 
study group 

En¬ 

tering 

Leav¬ 

ing 

% 

new 

No. 

% 



yrs 

No. 

No. 




1960-61 

175 

9 

— 

43 

— 

— 

100 

1961-62 

173 

10 

41 

28 

24 

114 

66 

1962-63 

153 

10 

8 

30 

5 

108 

71 

1963-64 

147 

12 

24 

49 

16 

88 

60 

1964-65 

126 

a 

28 

26 

22 

65 

52 

1965-66 

128 

11 

28 

35 

22 

49 

38 

1966-67 

121 

11 

18 

19 

15 

41 

35 

1967-(Dec.) 

120 

11 

8 

— 

7 

34 

28 


* Beginning September 1. 


period. The number of illnesses and infec¬ 
tions, seasonal distribution, antibody preva¬ 
lence, relationship of antibody to protec¬ 
tion, and clinical syndrome have been de¬ 
termined, and the results are presented. 

Materials and methods 

Study population. A longitudinal survey 
of respiratory illness was conducted from 
1960 to 1968 in a church-sponsored chil¬ 
dren’s home in the Atlanta area. This popu¬ 
lation was described in detail previously 
(7). The study group consisted of healthy 
Caucasian children ranging in age from five 
to 19 years who were admitted to the home 
for socioeconomic reasons. The children 
lived in cottages which housed from eight to 
12 each. Assignment to a cottage was made 
on the basis of age and sex. Meals were 
eaten in a common dining room, recrea¬ 
tional facilities were shared and the chil¬ 
dren attended public schools in the commu¬ 
nity. A study year covered the period be¬ 
tween September 1 and August 31. The 
total number of children, median age, per¬ 
centage of turnover and the percentage of 
children from the original study group per 
year are shown in table 1. 

Collection of specimens. Children with 
symptoms of respiratory illness were sent 
by house mothers to the home clinic for ex¬ 
amination and treatment by the attending 


physician. Throat swab specimens were col¬ 
lected for bacterial and viral isolation. 
Techniques for isolation of coronavirus 
were not available at the time of the study. 
Acute and convalescent blood specimens 
were collected two to three weeks apart. 
Control sera were collected three times per 
year during the first two years of this 
study. Less frequent collections were made 
in succeeding years. 

Virus. The coronavirus strain OC 43, 
which had been isolated in organ culture 
and subsequently adapted to the suckling 
mouse brain, was used for antigen produc¬ 
tion (4). 

Production of antigen. Antigens were pre¬ 
pared from infected and normal suckling 
mouse brain by making a 10 per cent sus¬ 
pension in phosphate-buffered saline, pH 

7.2 (HI), and Veronal-buffered diluent, pH 

7.3 (CF). They then were clarified by re¬ 
frigerated centrifugation at 600 X g for 20 
minutes (5). The antigens were stored at 
-70 C. 

Production of antisera. Immune sera were 
prepared by intraperitoneal and intracere¬ 
bral inoculation of adult Swiss white (ICR) 
mice (5). 

Serologic tests. During the seven-year 
study all acute, convalescent and control 
sera were tested by CF for diagnostic rises 
in antibody titer to influenza A and B, par¬ 
ainfluenza types 1, 2, and 3, adenovirus, 
mumps vims, respiratory syncytial virus, 
herpesvirus and Mycoplasma pneumoniae. 
In this present study sera were tested only 
for antibody to coronavirus OC 43 antigens. 
HI tests were performed by the microtiter 
technique with phosphate-buffered saline 
diluent and 0.5 per cent adult chicken 
erythrocytes (8). The CF test in the present 
study was also performed by microtiter (9). 
All sera were inactivated at 56 C for 30 
minutes. A fourfold or greater increase in 
antibody titer was considered to constitute 
a seroconversion and to be indicative of 
infection. 
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Table 2 


Yearly incidence of respiratory illness and sero¬ 
conversion to coronavirus strain OC 43 


Year* 

Total 

Coronavirus seroconversions! 

respi¬ 

ratory 

illness 

Reported 

illness! 

No 

reported 

illness§ 

Total 

1960-61 

291 

19 (7) 

12 

31 

1961-62 

238 

2 (0.8) 

1 

3 

1962-63 

116 

0 (0) 

2 

2 

1963-64 

138 

3 (2) 

2 

5 

1964-65 

175 

9 (5) 

14 

23 

1965-66 

160 

0 (0) 

6 

6 

1966-67 

170 

9 (5) 

12 

21 

1967-(Dec.) 

40 

2 (5) 

0 

2 

Total 

1328 

44 (3) 

49 

93 (f 


* Fourfold or greater, 
t Beginning September 1. 

£ Paired acute and convalescent sera. Per¬ 
centages in parentheses. 

§ Detected by rises in serum antibody titer 
between normal bleedings. 

’[ Three cases of apparent reinfection. 


Results 

Incidence of respiratory illness and sero¬ 
conversion to coronavirus. Among 1328 res¬ 
piratory illnesses which occurred over the 
seven-year period (table 2), 44 seroconver- 
sions to coronavirus strain OC 43 were 
found. An additional 49 seroconversions 
were detected between normal bleedings, 
making a total of 93. 

Seroconversions to strain OC 43 were ob¬ 
served each year of the study, but the larg¬ 
est number totalling 75 was recorded for the 
years 1960-1961, 1964-1965, and 1966-1967. 
About one-half of the 75 ivere associated 
with reported illnesses. Eighteen serocon¬ 
versions were scattered throughout the re¬ 
maining four years of the study, although 
only seven of these occurred among children 
reporting respiratory disease. 

Sixteen other subjects with antibody titer 
of < 1:10 in tw'o consecutive serum speci¬ 
mens later acquired antibody titers of 1:10 



Year 1960-61 61-62 62-63 63-64 64-65 65-66 66-67 67-Dec. TOTAL 
% ill with 

Seroconversion 219401 1000000334066400000041002 2540 


Figure 1. Seasonal distribution of seroconversions to coronavirus strain OC 43 and as¬ 
sociation with respiratory illness. 
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•-—»34 remaining children from original study group 
•-- Total population 



1960-61 61*62 62-63 63-64 64 L 65 65-66 66 J 67 67-Oec 


Figure 2. Prevalence of HI antibody to corona- 
virus strain OC 43 in a children’s population. 


Taiile 3 

Evidence of preexisting HI antibody* in children 
with seroconversions to coronavirus strain OC 4$ 



i 

sported 

llness 


No reported 
illness 

Totals 

Age 

group 

Sero- 

con- 

ver- 

Pre¬ 

existing 

antibody* 

Sero- 
; con- 
I ver- 

Pre¬ 

existing 

antibody* 

Sero- 

con- 

ver- 

Pre¬ 

existing 

antibody* 


sionst 

No. 

% 

sionsj 

No. 

% 

sionst 

No. 

% 

yrs 










5-9 

19 

5 

1 26 

15 

1 

7 

34 

6 

18 

10-14 

16 

9 

1 56 

21 

8 

38 

37 

! 17 

46 

15-18 

9 

2 

| 22 

13 

6 

46 

22 

8 

36 

Total 

, 44 

i 16 

i 36 

, 49 

15 

i 31 

I 

i 93 

3U 

33 


* >1:10 in two consecutive serum specimens prior to sero¬ 
conversion. 

f Fourfold or greater. 

\ Seven had titers of 1:20 or greater. 


Taiile 4 

Comparison of HI and CF tests in the serodiagnosis 
of coronavirus (strain OC 43) related infections 
in children 


Serology 

Seroconversions* 

Total No. % 

GMTf 

HI and CF 

44 

100 


HI 

44 

100 

<10:56 

CF 

28 

64 

<8:19 

HI only 

16 

3G 


CF only 

0 

0 



* Fourfold or greater, 
t Reciprocal geometric mean titer. 


in at least two consecutive serum speci¬ 
mens. Because these subjects had less than 
fourfold rises in antibody titers, they were 
not included in the total seroconversions. 

Seasonal distribution. In three distinct 
outbreaks which occurred during the winter 
and spring quarters of 1966-1961, 
1964-1965, and 1966-1967 (figure 1), 67 
seroconversions to OC 43 were found. 
Eleven seroconversions were found in the 
winter and spring quarters of other years, 
12 were detected in the fall quarter and 
three were found in the summer quarter. 
Illness associated with OC 43 accounted for 
5 per cent of the reported respiratory dis¬ 
ease in the winter quarter and 4 per cent in 
the spring, compared with 2 per cent in the 
fall and none in the summer. The figures for 
certain years were much higher. OC 43 ac¬ 
counted for 19 per cent of the respiratory 
disease reported in the winter quarter of 
1960-1961 and 10 per cent reported in the 
spring quarter of 1966-1967. 

Prevalence of antibody. HI antibody in 
the total populations ranged from 36 per 
cent in 1960-1961 to 79 per cent by the fall 
of 1967 (figure 2). The geometric mean 
antibody titer (GMT) correspondingly rose 
from 1:5 to 1:20 during the same period. 
Sera collected over the entire seven-year 
period were available on 34 children. The 
percentage with antibody increased from 56 
per cent in 1960-1961 to 94 per cent in the 
fall of 1967. The GMT rose from 1:10 to 
1:29 during the same period. All 19 of the 34 
subjects with antibody in 1960-1961 contin¬ 
ued to have measurable antibody through¬ 
out the study. The increase of antibody 
prevalence from 56 to 94 per cent reflects 
the number (13) of children with serocon¬ 
versions during the seven years. 

Evidence of preexisting antibody. Of the 
total number of the children with serocon¬ 
versions (93), 33% had preexisting anti¬ 
body titers of 1:10 or greater in at least two 
sequential serum specimens collected prior 
to antibody rise (table 3). The frequency of 
preexisting antibody among subjects with 
seroconversions was essentially the same for 
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groups reporting or not reporting illness. 
Only seven of the 31 cases with preexisting 
antibody had titers of 1:20 or greater. 

Comparison of HI and CF tests. HI and 
CF test results were compared on 44 paired 
sera from children showing seroconversion 
to coronavirus strain OC 43 (table 4). Of 44 
paired sera, 28 (64 per cent) showed four¬ 
fold or greater rises by CF compared with 
100 per cent by HI. Thus, 16 cases of illness 
(36 per cent) would have gone undetected if 
only the CF test had been used. The recip¬ 
rocal GMT for acute and convalescent sera 
for the HI test was <10 and 56 as com¬ 
pared with <8 and 19 for the CF test. 

Clinical syndrome. Complete clinical his¬ 
tories were available for 43 of 44 children. 
The major presenting complaints of the 43 
children with respiratory illness and HI se¬ 
roconversion to strain OC 43 were sore 
throat (30 per cent), cough (30 per cent), 
coryza (19 per cent), and fever (9 per cent) 
(table 5). The predominant physical find¬ 
ings were pharyngeal injection (72 per 
cent), coryza (49 per cent), fever of 99.6 F 
and above (40 per cent), fever of 102.2 F 
and above (21 per cent), and cervical ade¬ 
nitis (35 per cent). 

Discussion 

McIntosh et al. (4) tested paired sera 
from 59 adults with upper respiratory ill¬ 
ness during the winter of 1965-1966; 18 (31 
per cent) of the 59 developed a fourfold or 
greater rise in CF antibody to coronavirus 
strains OC 38 and OC 43. During this pe¬ 
riod of coronavirus prevalence, infection 
with other viruses causing upper respiratory 
illness was rare. 

In our present study HI antibody sero- 
conversions to coronavirus strain OC 43 ac¬ 
counted for 44 (3 per cent) of the 1328 res¬ 
piratory illnesses reported. Thirty-seven of 
these seroconversions were found in three 
distinct outbreaks which occurred in the 
winter and spring quarters of the years 
1960-1961, 1964-1965, and 1966-1967. The 
highest incidence of seroconversions without 
reported illness also occurred during these 


Table 5 

Clinical aspects of respiratory illness in 43 children 
with seroconversions* to coronavirus strain 
OC 43 


Presenting complaints 

Physical findings 


No. 

% 


No. 

% 

Sore throat 

13 

30 

Pharyngeal injection 

31 

72 

Cough 

13 

30 

Coryza 

21 

49 

Coryza 

8 

19 

Fever 99.6 F and above 

17 

40 

Fever 

4 ! 

9 

Fever 102 2 F and above 

9 

21 

Other 

5 

11 

Cervical adenitis 

15 

35 




Pulrtionary rales or dull- 

2 

5 




ness 






Rash 

1 

2 


* Paired acute and convalescent sera showing fourfold or 
greater HI antibody rises. 


same periods. Although the average inci¬ 
dence of illness associated with coronavirus 
strain OC 43 was 5 per cent for all winter 
seasons, 19 per cent of respiratory illnesses 
occurring in the winter of 1960-1961 showed 
diagnostic coronavirus antibody rises. 
These findings suggest that a significant 
percentage of respiratory illness may be due 
to infection with this virus. Like McIntosh 
and associates, we also found that the high¬ 
est number of seroconversions to OC 43 oc¬ 
curred at a time (1960-1961) when respira¬ 
tory diseases associated with other etiologic 
agents were absent. 

HI antibody prevalence in our children’s 
population rose almost continually from 
1960-1961 to the termination of the study 
in December 1967. The level of antibody in 
the home was slightly higher than has been 
previously reported for other populations. 
McIntosh and coworkers (10) found that 47 
per cent of the sera collected in 1965-1967 
from children between the ages of five and 
seven years had CF antibody titers of 1:4 
or greater against OC 38 and OC 43. The 
measurable CF antibody in adults during 
1962-1964 and 1965-1967 was 72 and 67 per 
cent, respectively. Unreported results from 
HI tests performed in our laboratory on 
sera collected from the general population 
in 1963-1965 also confirm these general find¬ 
ings. The high level of antibody prevailing 
in the children’s home population at the ter¬ 
mination of the survey may be attributed to 
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the increased median age of the population 
from age nine in 1960 to age 11 in 1967, and 
the outbreaks occurring in the latter part of 
the study. The increased prevalence of anti¬ 
body among the 34 children remaining in 
the study over the entire seven-year period 
reflects both the long-term persistence of HI 
antibody and the number of seroconversions 
over the same period of time. 

The significance of preexisting antibody 
to OC 43 is not clear. Approximately one- 
half of the older age groups demonstrating 
seroconversions were found to have preex¬ 
isting antibody, and diagnostic antibody 
rises were recorded on two separate occa¬ 
sions for three subjects. These findings sug¬ 
gest that either protection against reinfec¬ 
tion is short-lived or that such antibody re¬ 
flects previous infection with a closely re¬ 
lated strain. Other studies have also noted 
the heterogeneity of antibody responses 
with known or presumed coronavirus infec¬ 
tion. McIntosh et al. (6) found that OC 38 
and OC 43 were clearly related to the mouse 
hepatitis virus (MHV) group by CF and 
neutralization tests. Other types isolated 
from organ culture had an indefinite rela¬ 
tionship with MHV and OC 38 and OC 43 
strains. Kaye and Dowdle (5) have also 
shown a relationship between OC 38 and/or 
OC 43 strains and MHV by CF and HI 
tests. Antibodies to MHV in human sera 
from patients with respiratory illness have 
been demonstrated by Hartley et al. (11). 
McIntosh et al. (10), in a seroepidemiologic 
study of coronavirus infection in children, 
found a moderate overlap of antibody re¬ 
sponse (35-45 per cent) occurring between 
MHV and OC 38 and/or OC 43. Bradbume 
(12) reports that fourfold or greater HI an¬ 
tibody rises to OC 43 were found among 14 
per cent of 70 paired sera obtained from 
volunteers before and after infection with 
coronaviruses other than OC 43. Extension 
of these observations of heterotypic rises to 
yet unknown strains cannot be excluded. 
The absence of data on isolation of corona- 
viruses during our study places severe re¬ 
strictions on assigning OC 43 as the sole 


etiologic agent. Regardless of the origin of 
preexisting coronavirus antibody, our find¬ 
ing that only seven of the 31 cases with 
preexisting antibody had titers of 1:20 or 
above suggests that reinfection is limited 
largely to those subjects with low levels of 
antibody. 

Because of the limited quantity of sera, 
CF as well as HI tests were not performed 
on all specimens. However, the small num¬ 
ber of CF tests performed on sera showing 
HI seroconversion confirm a previous report 
by Kaye and Dowdle (5) that CF is less 
sensitive for diagnosis. The possibility that 
improved antigens could increase the sensi¬ 
tivity of the CF test should not be dis¬ 
counted. 

The sparse amount of information avail¬ 
able on the clinical aspects of infection with 
OC 38 and OC 43 does not permit a com¬ 
parison of our data with those of others. 
Our findings, based only on patients with 
seroconversion to coronavirus strain OC 43, 
indicate a close parallel with B814 and 
229E (1, 13, 14), particularly in regard to 
nasal involvement. However, our attending 
physicians saw considerably more fever 
than has been noted for other members of 
the human coronavirus group. This discrep¬ 
ancy may be explained by the age differ¬ 
ences in the population under study or by 
the conditions of infection. Because of the 
absence of virus isolation, further studies 
are necessary to confirm the signs and 
symptoms of this disease under natural con¬ 
ditions. 
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